Neurogenesis directed by Sirt1
Sergiy Libert, Dena Cohen and Leonard Guarente differentiation of neuronal stem cells into astrocytes or neurons is important in maintaining brain function. Oxidative stress and inflammation are now shown to bias differentiation toward astrocytes by modulating activity of the anti-ageing gene sirt1. These findings link a longevity gene to the activity of neuronal stem cells and their response to stress.
Neuronal stem cells (neural progenitor cells, NPCs) can give rise to astrocytes, neurons and oligodendrocytes. Astrocytes perform many different functions, including providing structural and nutrient support for neurons, secreting signalling molecules, and uptake and metabolism of neurotransmitters. In response to brain injury, NPCs differentiate preferentially into astrocytes rather than neurons. Excessive astrocyte expansion, known as astrogliosis, can prevent growth of neurons and interfere with proper damage repair. Therefore, the ability to direct differentiation of NPCs may be useful in protecting the brain against inflammatory diseases, such as multiple sclerosis, which involve astrogliosis. In addition, the ability to direct differentiation of NPCs towards neurons may provide new therapeutic avenues for stroke, spinal cord injury and age-related cognitive conditions, such as Alzheimer's and Parkinson's diseases, which cause loss of neurons. N e w S a N d v i e w S Next, they found that treatment of NPCs with the Sirt1-activating compound resveratrol mimicked oxidizing conditions and increased differentiation of NPCs towards astrocytes through a mechanism that requires Sirt1.
To analyse the molecular mechanism underlying these effects, the authors investigated a gene called Hairy/enhancer of split 1 (Hes1), a transcriptional repressor of Mash1, which, in turn, is responsible for the activation of a neuron-specific transcription programme (Fig. 1) . (Fig. 1a) . In a reducing environment, the Hes1-Sirt1 complex is not observed. Instead, Hes1 recruits transcription activators such as CREB binding protein (CBP) to the Mash1 promoter, and this drives NPCs towards a neuronal fate (Fig. 1b) . The influence of the redox state on NPC cell-fate decisions was eliminated by removal of Sirt1 activity either by RNAi or through the use of Sirt1 inhibitors. Thus, through its action at the Mash1 promoter, Sirt1 seems to act as a cell-fate decision switch in NPCs in vitro, with increased Sirt1 activity causing increased differentiation of NPCs into astrocytes at the expense of neurons.
Next the authors extended their findings by studying this mechanism in vivo, using healthy mice and a mouse model of multiple sclerosis. First, they found that injecting young mice with an oxidizing agent increased the number of newly differentiated astrocytes in the brain. Immunostaining of the early postnatal nervous system of untreated animals revealed that, although Mash1-positive and Sirt1-positive cells were plentiful in regions of the brain with active neurogenesis, relatively few cells were positive for both proteins, consistent with the proposed repression of Mash1 by Sirt1. In contrast, cells co-stained for Sirt1 and the astrocyte marker GFAP (glial fibrillary acidic protein) could be readily observed. To establish a causal role for Sirt1 in alterations in NPC cell-fate decisions, the authors performed in utero electroporation of GFP-marked RNAi constructs against Sirt1 to deplete Sirt1 in a small percentage of NPCs in otherwise wild-type animals. Cells in which Sirt1 had been knocked down gave rise to an increased proportion of Mash1-positive cells in postnatal animals treated with an oxidizing agent. Similarly, in young mice treated with a Sirt1 inhibitor, Mash1 transcription was increased in the sub-ventricular zone (SVZ), a region of the brain rich in NPCs. The authors also investigated Sirt1 expression in experimental autoimmune encephalomyelitis (EAE), a model of the autoimmune demyelination disease multiple sclerosis. EAE induces an oxidizing environment and reactive astroglyosis. The authors observed that, whereas Sirt1 expression was low in unaffected brain regions, inflamed areas with an abundance of invading leukocytes also contained an increased number of cells positive for both GFAP and Sirt1. Treatment of EAE animals with the Sirt1 activator resveratrol resulted in a modest increase in the number of astrocytes in the areas of inflammation. However, as the Sirt1-positive cells consisted of a relatively small fraction of the total GFAP-positive astrocytes localized to the EAE lesions, and because the effects of resveratrol treatment were modest, the importance of Sirt1 expression in EAE remains unclear.
This study provides an important foundation for the role of Sirt1 in differentiation of neuronal stem cells and many important issues have been raised. For example, with the exception of the EAE experiments, all of the in vitro and in vivo experiments relied on cells from either embryonic or early postnatal animals. Thus, the role of Sirt1 in NPCs from adult or aged mice is still unknown. Moreover, Sirt1 may have distinct effects on the differentiation of NPCs residing in different regions of the brain. For instance, the SVZ supplies neurons almost exclusively to the olfactory bulb, a region of the brain that is capable of repairing almost any type neuronal damage. Astrogliosis is never observed in this region of the brain and therefore the ability of Sirt1 to direct the differentiation of astrocytes in cells arising from the SVZ may be quite different from its effects in other regions of the brain, such as the cortex, where astrogliosis does occur. Other areas worth investigating include: 1) the influence of Sirt1 on the differentiation of stem cells in the hippocampus, where neurogenesis may have important implications for learning and memory; 2) effects of calorie restriction on the differentiation of stem cells in different brain regions, and whether any observed effects are mediated by Sirt1; 3) whether increased or decreased Sirt1 function affects the outcome in disease and injury models, such as experimental models of stroke or neurodegenerative disease.
How longevity-determining pathways affect brain function (both cognitive and metabolic) 8, 9 is a new area of research and has been greatly enhanced by this study. Sirt1 seems to regulate numerous survival strategies of metabolic tissues in response to stressful environments. The regulation of neural stem-cell differentiation in the brain may be one such adaptation, and could offer new approaches for the treatment of declining brain function that accompanies ageing and disease.
